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18 1. Photograph of the cross section of phosphosili-
cate glass waveguide.
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27 2. Schematic of the fabrication processes of pho-
sphosilicate glass waveguide.

80C ol A 1047 MYl FRTE &3 %—”rél E
Foll 1%2] HF & el glo]s & 2%

2) sfleis 8o 8~10m2} Si0, CVD wpapg 23}
&tar 1% HF 896l dloislE 28-7F oAz} o}
Lo P7} 4wt. %<2 PSG CVD uletg 3um 7
Z#sk 1100C o) H,0/0, #39)7]el4 1417t &
PSGE flow A% 1000T 2] 4k B9712 14]
o g =gk

3) ¢llo):H ol 50 nm2] Cr-& £%38}3. 2 94l negative
photoresistE T ¥t} o}gol IBM PCE Aojsle=
A xy o]¥71E& A He-Cd #dolAe] A&53E 4
ofsel A7l P 23 3 P A

rﬁ-rﬂ‘l b



260 eI A A349 A4 E, 19929 129

Screen Eye piece EI2
BT
He-Cd Laser E O g O f =8
Variable Red la
Attenuator LeALa Filter Lz
LT | ==
Tungsten Lamp w1 |LXY
LA B
IBM Stage WR ase
PC Driver [*™""7] wxy | |FPlate

1% 3. Schematic of the setup for laser exposure of
waveguide patterns: L; lense, A; aperture, W:
wafer, WV; vacuum holder, WXY and LXY;
x-y translation stage for wafer and lense, BT
and LT; tilt stage for beam splitter and lense,
LZ; z translation stage for lense.
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2% 4, Width dependence of waveguides for the
amount of laser exposure.
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1%} 5. Photograph of the waveguide patterns made
by RIE; (A) Cross section of the waveguide
core covered with Cr; (B) Waveguides with
the width of 3 um and 2 yum each.
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18] 6. Schematic of the setup for measurement of
the propagation loss of waveguides.
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13 7. Propagation loss of the visible light guiding
phosphosilicate glass waveguide at 0.6328 um

wavelength.
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1% 8. Propagation loss of the near IR light guiding
phosphosilicate glass waveguide at 1.53 um
wavelength.



262 e A3 A4 3, 1992 129

Table 1. Measured intensities of the transmitted light through ten P»0s-Si0, waveguides for different cut length
of the waveguides; the light wavelength is 0.6328 ym.

| cut " Transmission intensity (mV) Average
engt —

(cm) Nol No2 No3 No4 No5 No6 No7 No8 No9 Nolo Intensity
0.9 39.2 36.8 38,5 37.1 36.8 39.5 364 404 38.3 385 38.15
19 382 40.6 38.7 40.2 385 38.8 40.8 379 40.1 40.6 39.44
29 384 38.0 40.2 38.6 37.7 38.2 384 36.2 38.2 39.0 38.29
39 39.6 37.7 38.6 39.3 364 39.5 364 384 378 36.6 38.03
49 40.7 38.1 395 38.8 41.7 41.7 39.7 40.0 388 414 40.04
5.9 385 38.7 38.3 383 37.3 39.7 39.2 37.7 39.1 39.5 38.63
6.9 415 412 404 384 415 399 39.7 42.7 41.6 40.8 40.77

Loss 0.031

. . . .002 . .02 . 0.04 X K
(dB/em) 0.038 0.038 0016 0.00 0.062 0.025 0.033 0 0033 0027 (+0.016)
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Fabrication and Loss Measurement of P;0s-SiO; Optical Waveguides On Si
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A low loss optical waveguide of P,0;-SiO; on Si substrate is produced by using the chemical vapour
deposition method of SiO; thin films used in Si technology. Propagation loss of the waveguide layer
was 1.65 dB/cm as produced and reduced down to 0.1 dB/cm after heat treatment at 1100C . By using
laser lithography and reactive ion etching method P,0;-Si0, waveguide was produced and subsequently
annealed at 1100C . As a result of this annealing the shape of the waveguide core was changed from
rectangular to semi-circular form, and the propagation loss was reduced as down to 0.03 dB/cm at
0.6328 ym and 0.04 dB/cm at 1.53 um. We think that the mechanism of the reduction in propagation
loss during the heat treatment is the following: 1) The hydrogen bonding in waveguide layer, which
causes absorption loss, is dissociated and diffused out. 2) The roughness of the interface and the
micro-structure of the waveguide layer is removed. 3) The irregularities in the cross-sectional shape
of the waveguide which was induced during the lithographic process were disappeared by flowing
of the waveguide core.



